Purpose: The purpose of this study was to assess the risk factors for repeated abdominal surgery in Crohn's disease (CD) patients after the first abdominal surgery. Prior studies have tried to identify the risk factors for postoperative recurrence in CD patients, but the results of the studies have been inconsistent. Furthermore, few data on the risk factors for repeated abdominal surgery are available. Methods: Clinical data on CD patients who underwent abdominal surgery from January 2000 to December 2009 were collected from seventeen university hospitals and one colorectal clinic. Data from a total of 708 patients were analyzed to find the risk factors for repeated abdominal surgery in CD patients. The mean follow-up period was 72 months. Results: The risk of repeated abdominal surgery was 3 times higher in young patients (below 16 years old) than in older patients (odds ratio [OR], 3.056; 95% confidence interval [CI], 1.021 to 9.150); P = 0.046). Stricturing behavior at diagnosis was also a risk factor for repeated abdominal surgery (OR, 2.438; 95% CI, 1.144 to 5.196; P = 0.021). Among operative indications, only intra-abdominal abscess was associated with repeated abdominal surgery (OR, 2.393; 95% CI, 1.098 to 5.216; P = 0.028). Concerning type of operation, an ileostomy might be a risk factor for repeated abdominal surgery (OR, 11.437; 95% CI, 1.451 to 90.124; P = 0.021). Emergency surgery (OR, 4.994; 95% CI, 2.123 to 11.745; P < 0.001) and delayed diagnosis after surgery (OR, 2.339; 95% CI, 1.147 to 4.771; P = 0.019) also increased the risk of repeated abdominal surgery. Conclusion: Young age (below 16 years), stricturing behavior, intra-abdominal abscess, emergency surgery, and delayed diagnosis after surgery were identified as possible risk factors for repeated abdominal surgery in CD patients.
INTRODUCTION
Crohn's disease (CD) is heterogeneous in nature; consequently, its recurrence, except smoking, have been identified [7, 8] . Furthermore, few studies have evaluated the risk factors for reoperation after the primary surgery in CD patients. Therefore, the aim of the present study was to evaluate the probability of reoperation and to assess the risk factors for reoperation after the primary surgery for CD.
METHODS

Data management
The data for biopsy-proven CD patients who underwent abdominal surgery from January 2000 to December 2009 were collected retrospectively. The operations were performed at 18 different hospitals (17 university hospitals and one colorectal clinic). The factors included in the study protocol were decided at a meeting held before data collection. The data of 754 patients were collected initially, and 46 cases were excluded because of data duplication or unmet criteria (Fig. 1 ). Data from a total of 708 CD patients were analyzed to determine the risk factors for repeated abdominal surgery. The mean follow-up period was 72 months. The variables that were analyzed were gender, family history, age at diagnosis, disease behavior at diagnosis, and disease location at diagnosis according to the Montreal classification. Other variables were indications, type of first abdominal surgery, and the time interval between diagnosis and surgery.
Statistical analysis
For the continuous variables, normality was tested first. When the normality assumption was satisfied, a one-way analysis of variance was used; otherwise, a Kruskal-Wallis test was utilized to test whether a mean difference between the number of operations existed (1, 2, ≥3). In addition, for the categorical variables, a Pearson chi-square test or a Fisher's exact test was used as appropriate to evaluate the association between the number of operations (1, 2, ≥3). In order to evaluate the relationships between the number of operations and the risk factors, we used univariate and multivariate logistic regression modeling. Since the percentage of patients who had more than three operations was only 6.2%, the number of the operations was divided into two categories (1, ≥2). Additionally, within the independent variables of surgery type, indication for surgery and main symptoms, a few categories had a low percentage of patients; thus, for the stability of the analysis, those categories were eliminated/merged. For the goodness-of-fit, Hosmer-Leme show statistics were utilized, and the area under the receiver operating characteristic curve was used to assess the model discrimination. All statistical analyses were performed using SPSS ver. 15.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
Twenty-four percent of the CD patients with primary abdominal surgery experienced repeated abdominal surgery, and 25% of that 24% underwent one additional abdominal surgery. The male-tofemale ratio of the CD patients with abdominal surgery was 2.27:1, and the mean ages of male and female patients were 34.0 and 34.16 years, respectively (Table 1) . Family history was confirmed in only 2.2% of the patients. Gender and family history were not associated with repeated abdominal surgery in CD patients. All patients were classified according to the Montreal classification ( Table 2) . Patients between 17 and 40 years of age (A2), ileal location (L1), and stricturing behavior (B2) were the most common subgroups in the CD patients who underwent primary abdominal surgery (Table 3) . Medical intractability (21.5%), intestinal obstruction (24.2%), intra-abdominal abscess (23.4%), and enterocutaneous fistula (18.5%) were common causes of primary abdominal surgery. Intestinal obstruction (31.5%) and intra-abdominal abscess (33.1%) were also common causes of repeated abdominal surgery (Table 4) . Small bowel segmental resection (28.2%) was the most common procedure performed in the first abdominal surgery. Of the total number of first abdominal surgeries for CD patients, a right colectomy and an ileocecectomy were performed in 26.7% and 25.0% of the patients, respectively (Table 5) . Table 6 summarizes the results of the univariate and the multivariate analyses. The risk of repeated abdominal surgery was approximately three times higher in young patients (under the age of 16 years) than in older patients (odds ratio [OR], 3.056; 95% confidence interval [CI], 1.021 to 9.150; P = 0.046). Stricturing behavior was a greater risk factor for repeated abdominal surgery (OR, 2.438; 95% CI, 1.144 to 5.196; P = 0.021) than was penetrating behavior or non-stricturing and non-penetrating behavior. However, the number of surgeries was not influenced by the location of the disease at diagnosis. Intractability, obstruction, abscess and fistula were the main causes of surgery, and only abscess was associated with repeat surgery (OR, 2.393; 95% CI, 1.098 to 5.216; P = 0.028). Concerning the type of surgery, an ileostomy may be a risk factor for repeat abdominal surgery (OR, 11.437; 95% CI, 
DISCUSSION
According to the European consensus on definitions and diagnosis of CD, recurrence is primarily used to define the reappearance of lesions after surgical resection while relapse refers to the reappearance of symptoms [9] . Recurrence is the main problem during the treatment of CD. Knowing the risk factors for recurrence would be helpful in managing CD not only for physicians but also for patients. However, due to the heterogeneous nature of CD, the reported risk factors for recurrence after abdominal surgery for CD patients have been inconsistent, so clarifying the risk factors for repeated abdominal surgery in CD patients is difficult. The recurrence rate varies according to the diagnostic method, follow-up duration and ethnicity.
Despite the obvious limitation of using age at diagnosis as a surrogate marker of disease onset, it is nevertheless an attractive, readily available, and stable criterion for distinguishing different disease patterns at diagnosis [10] . With respect to age of onset, the Montreal classification allows for early onset of disease to be categorized separately as a new A1 category for patients with a diagnosis age of 16 years or younger whereas A2 and A3 account for diagnosis ages of 17 to 40 years and of over 40 years, respectively [11] . This change reflects many studies that have reported that specific serotypes or genotypes are more frequently found in early onset CD [12] [13] [14] [15] . Early onset CD is usually more severe than A2 or A3 onset. Thia et al. [10] observed that young patients had a tendency toward recurrent clinical flares, indicating a more active disease, and were more likely to receive immunosuppressive therapy than older patients. Polito et al. [16] observed that compared to an older age at diagnosis, defined as individuals older than 40 years of age, a younger age at diagnosis, defined as individuals under 20 years of age, was associated with greater small bowel involvement, more severe stricturing disease, and a higher surgical rate. These results are consistent with the results from the present study. A young age, less than 16 years, was a risk factor for repeated abdominal surgery in CD patients.
Several studies have reviewed early disease onset or diagnosis among CD patients with a family history [16, 17] . Polito et al. [16] postulated that the role of genetic anticipation with greater contribution of maladaptive genes led to an earlier onset of disease manifestation and greater severity in patients with a positive family history. Given that only 2% of the patients in the present study had a positive family history, other reasons may account for young patients experiencing a more severe clinical course than older patients in the present study cohort [10] .
Non-stricturing, non-penetrating, stricturing, and penetrating disease behaviors are the main categories in the classification of CD patients. The present study revealed that stricturing disease behavior was associated with repeated abdominal surgery in CD patients. This result is significantly different from other reports. In other studies, penetrating behavior was a risk factor for postsurgical recurrence [8, [18] [19] [20] . However, Khoury et al. [21] reported that stricturing behavior was a risk factor for early reoperation. Concerning disease location, several studies demonstrated that the risk of recurrence was highest in ileocolonic CD and lowest in colonic CD [22] [23] [24] . In the present study, disease location was not a risk factor for repeat abdominal surgery in CD patients. The influences of disease location and disease behavior on the postoperative recurrence of CD are unclear because these clinical characteristics have been observed to change over time [25] . Among the surgical procedures performed in the first abdominal surgery, only the ileostomy increased the risk for repeated abdominal surgery in CD patients. Because the diseased bowel was Others 36 (6.9) 9 (7.0) 9 (21.4) 54 (7.8) Values are presented as number (%).
Risk
Kil Yeon Lee, et al. not resected in that procedure, an increased reoperation rate was inevitable. However, contrary to other reports, the strictureplasty was not associated with repeated abdominal surgery reports [26] [27] [28] [29] . Unlike other reports [30] [31] [32] , in the present study, the segmental colon resection was not a risk factor for repeated abdominal surgery in CD patients. Emergency surgery and delayed diagnosis of CD after surgery could increase the risk for repeated abdominal surgery in CD patients. Hellberg et al. [33] demonstrated that no difference in recurrence existed between emergency and elective surgery. A limited resection could not be performed under an emergency situation because determining the extent of resection during emergency surgery was difficult. Understandably, a repeated abdominal surgery could be necessary. Similarly, in the presence of an intra-abdominal abscess, surgeons usually tend to perform fewer surgeries. Therefore, the probability of recurrence might be higher after the first abdominal surgery if the indication for the first operation had been an intra-abdominal abscess.
The present study had several limitations. First, some data were missing because of the retrospective collection technique, which could affect the results. Second, the efficacy of the medical treatment after surgery was not analyzed. Medical treatment, such as the use of immunomodulators or anti-tumor necrosis factor-α, after abdominal surgery for CD could decrease the recurrence rate and affect the results of the present study.
In conclusion, young age (under 16 years of age), stricturing behavior, intra-abdominal abscess, emergency surgery, and delayed diagnosis after surgery may be risk factors for repeated abdominal surgery in Korean patients with CD.
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